Introduction
Each year, approximately 1,200 women are diagnosed with epithelial ovarian cancer (EOC) in the Netherlands, and 1,000 patients die of the disease [1, 2] . The high mortality rate is explained by the fact that the majority of cases are diagnosed at an advanced stage of the disease: FIGO IIb-IV [3] . Approximately one third of the patients are diagnosed at an early stage: FIGO I-IIa [4] . The prognosis of EOC is mainly related to FIGO stage, with 5-year relative survival rates ranging from 68 to 90% in early-stage patients compared to 13-60% in advanced-stage disease [5] . Patients with early-stage disease should undergo an optimal staging procedure, including iliac and para-aortic lymph node sampling, omentectomy, peritoneal washing and biopsies of the peritoneum. In patients with non-optimal staging, adjuvant chemotherapy is generally suggested to reduce the risk of recurrence from occult residual disease. In optimally staged patients, adjuvant chemotherapy is withheld in the majority of cases. Two clinical trials, the ICON1 and ACTION trials, established the current clinical guidelines for the treatment of ovarian cancer [6, 7] . These trials, which were published in 2003 and included over 400 patients, demonstrated that the survival of patients with early-stage EOC improves when adjuvant chemotherapy is added to the surgical procedure. However, the ACTION trial, which analyzed subgroups of patients with optimal and nonoptimal staging, showed that the benefits of adjuvant chemotherapy are limited to nonoptimally staged patients. Based on the recently updated systematic review by Lawrie et al. [8] , there is high-quality evidence that adjuvant platinumbased chemotherapy is effective in prolonging survival in women with early-stage EOC. Yet, it remains uncertain whether women with low-and intermediate-risk earlystage disease will benefit as much from adjuvant chemotherapy as women with high-risk disease. Recent data demonstrated that even 12 years after the end of chemotherapy neuropathy symptoms were experienced by 51% of the patients with ovarian cancer [9] . Hence, as mentioned by the authors in the Cochrane review, adjuvant chemotherapy in women with lower-risk EOC should be individualized. This indicates that there might be a wide variety in clinical practice regarding the application of adjuvant chemotherapy in early-stage EOC.
The aim of the present observational study was to determine the use of adjuvant chemotherapy in clinical practice for the treatment of patients with early-stage EOC with respect to the staging procedure and highgrade tumors.
Patients and Methods

Setting
In the Netherlands, gynecologic cancer care is organized by regional cooperating hospitals and controlled by tertiary centers specialized in oncology. The Gynecological Oncology Center South (GOCS) is a collaborating organization for the registration and management of oncological patients in the southern part of the Netherlands. The GOCS comprises ten collaborating hospitals, including two referral hospitals. The collaborating hospitals use a web-based data registration system to register all patients with gynecologic malignancies within this region.
Patient Selection
Patients with FIGO stage I-IIa EOC diagnosed between January 2006 and December 2010 at GOCS were retrospectively analyzed. The local research committee approved the study. The online files of all patients treated for early-stage EOC within GOCS were reviewed for inclusion. A total of 189 patients were selected. Data were collected from the patients' medical charts in each hospital. Patients with non-EOC, borderline pathology, ovarian metastasis from other malignancies and advanced-stage disease were excluded, resulting in 135 patients included for evaluation.
Patient Characteristics
Patient characteristics (i.e. age, body mass index, comorbidities and utilization of anticoagulants), the surgical procedure performed and histology results were recorded. Tumor grade was defined as well differentiated (grade 1), moderately differentiated (grade 2) and poorly differentiated (grade 3). The comprehensiveness of the staging procedure was evaluated. Optimal staging was defined as bilateral salpingo-oophorectomy, hysterectomy, omentectomy, comprehensive lymph node sampling of at least ten lymph nodes, peritoneal sampling and sampling of peritoneal fluid. In patients of reproductive age who wished to preserve fertility, bilateral salpingo-oophorectomy and hysterectomy were omitted. In some patients (n = 16) who were optimally staged, including all the steps of the staging procedure, sampling of ≥ 10 lymph nodes could not be achieved. Since these patients underwent an adequate staging procedure, they were considered as optimally staged patients if 5-10 lymph nodes were sampled. Data collected included the participation of a gynecologic oncologist at the time of surgery, use of adjuvant chemotherapy and follow-up data including recurrent disease and survival.
Outcomes
Primary outcome was the percentage of patients who received adjuvant chemotherapy after surgery. According to Dutch guidelines, all nonoptimally staged patients are indicated for adjuvant chemotherapy. In optimally staged patients, the indications for adjuvant chemotherapy were examined. Secondary outcomes were as follows: (1) the percentage of patients who underwent a comprehensive staging procedure; (2) reasons for incomplete surgery if surgical staging was omitted; (3) recurrence-free survival (RFS), and (4) overall survival (OS).
Statistical Analysis
Data were analyzed using SPSS Statistics 20.0 software (IBM, Armonk, N.Y., USA). Univariate analysis of categorical data was performed using the χ 2 test. ANOVA was used for univariate analysis of continuous variables. Two-sided p values <0.05 were considered statistically significant. To identify predictors of the use of adjuvant chemotherapy and the comprehensiveness of the staging procedure, multivariate logistic regression analyses were performed. Outcomes were described by odds ratio (OR) and 95% confidence interval (CI). Survival curves for RFS and OS were estimated by the Kaplan-Meier method and compared by the logrank test. Based on literature evidence that the effect of adjuvant chemotherapy depends on the comprehensiveness of the staging procedure, subgroup analysis was performed by considering optimally and nonoptimally staged patients separately. Subgroup analysis was also performed for patients with grade 3 tumors, since our aim was to investigate adjuvant chemotherapy in grade 3 tumors as a result of the lack of consensus in current guidelines. The numbers were too small for logistic regression. The Cox proportional hazard model was used to calculate the hazard ratio (HR) with correction for the staging procedure.
Results
Patients
The primary and adjuvant treatments received by all patients (n = 135) are listed in figure 1 . All patients underwent a surgical procedure, and the majority (84%) were treated in accordance with Dutch guidelines. Fiftyfour patients (40%) received adjuvant chemotherapy. Patient characteristics are shown in table 1 . Patients treated with adjuvant chemotherapy differed significantly from those who did not receive adjuvant treatment with respect to FIGO stage (p < 0.001), tumor grade (p = 0.002), histology (p < 0.001), staging performance (p < 0.001) and treatment in a referral hospital (p = 0.019).
Adjuvant Chemotherapy
All 54 patients who underwent adjuvant treatment received platinum-based chemotherapy. The majority of these patients (n = 49) received a combination of carboplatin and paclitaxel, and 4 patients received carboplatin as single-agent chemotherapy. One patient received cyclophosphamide, Adriamycin and cisplatin, since a lymphoma was simultaneously diagnosed.
In multivariate logistic regression analysis ( table 2 ), the application of adjuvant chemotherapy was associated with FIGO stage Ic and IIa (OR: 13.2; 95% CI, 4.2-41.4), clear-cell histology (OR: 19.1; 95% CI, 2.0-184) and nonoptimal staging (OR: 11.1; 95% CI, 3.6-34.2). Patients who received adjuvant chemotherapy after optimal staging (n = 9) were diagnosed with either FIGO Ic/IIa (n = 4), grade 3 (n = 1) or both (n = 3). Only 1 patient with FIGO Ia and grade 1, received adjuvant chemotherapy after a complete staging.
Staging Procedure
Overall, 50% (n = 68) of the patients were optimally staged, of whom 44% (n = 36) underwent a restaging procedure. Advanced age (p < 0.001), high comorbidity (classification 3 and 4 of the American Society of Anesthesiologists; p = 0.001) and anticoagulant treatment (p = 0.003) were significantly associated with a nonoptimal staging procedure. Participation of a gynecologic oncologist at the time of surgery (p = 0.008) and treatment in a referral hospital (p = 0.006) were associated with a higher rate of optimal staging. Knowledge of tumor grade was not associated with less comprehensive staging or restaging procedures ( table 3 ) .
In multivariate logistic regression analysis, age (OR: 1.1; 95% CI, 1.0-1.1), high comorbidity (OR: 12.7; 95% CI, 1.5-106) and surgery performed in non-referral hospitals (OR: 6.3; 95% CI, 2.0-20.2) were associated with less optimal staging.
As shown in figure 1 , a total of 22 nonoptimally staged patients did not receive adjuvant treatment. The majority of these patients were diagnosed with grade 1 tumors (n = 12), and a minority with grade 2 (n = 4) or grade 3 tumors (n = 6). In 13 cases, the reasons for omitting adjuvant chemotherapy in nonoptimally staged patients were included in the patient charts. In addition to tumor characteristics, these reasons were advanced age (n = 2), comorbidity (n = 3) and refusal of the patient (n = 6), although in some cases, multiple reasons were applicable. In 2 cases, adjuvant chemotherapy was omitted based on perioperative assessment. 
Recurrence and Survival
The median follow-up was 40.5 months. Recurrent disease was detected in 19% of the patients (n = 25) and uniformly distributed between the adjuvant chemotherapy and no adjuvant chemotherapy groups ( table 1 ) . Recurrence occurred in 9 grade 1 tumors, 7 grade 2 tumors and 8 grade 3 tumors. The Kaplan-Meier curves for both groups are shown in figure 2 . The 5-year RFS was 68% in the adjuvant chemotherapy group versus 77% in the group without adjuvant treatment (log-rank test, p = 0.638; HR: 1.2; 95% CI, 0.5-2.8).
A total of 22 patients died during the follow-up period. There was no statistically significant difference in OS between the adjuvant chemotherapy group and the group without adjuvant treatment, with 5-year survival rates of 70 and 78%, respectively (log-rank test, p = 0.714; HR: 1.2; 95% CI, 0.5-2.8).
In subgroup analysis, optimally and nonoptimally staged patients were analyzed separately. There was no association between improved survival and adjuvant chemotherapy after optimal staging (RFS: HR, 1.2; 95% CI, 0.2-10.1, and OS: HR, 3.6; 95% CI, 0.9-14.0) or adjuvant chemotherapy after nonoptimal staging (RFS: HR, 0.6; 95% CI, 0.2-1.7, and OS: HR, 0.7; 95% CI, 0.2-2.4). How- ever, patients with grade 3 tumors showed a significant positive association with improved RFS in the adjuvant chemotherapy group, with a 5-year survival rate of 90% in the adjuvant chemotherapy group compared to 46% in the group without adjuvant treatment (log-rank test, p = 0.041). This positive association in the adjuvant chemotherapy group was maintained after Cox regression analysis with correction for the staging procedure (HR, 5.7; 95% CI, 1.0-30.8). The 5-year OS of patients with grade 3 tumors was 94% in the adjuvant chemotherapy group compared to 44% in the group without adjuvant treatment (log-rank test, p = 0.005). After correction for staging, the adjuvant chemotherapy group showed improved OS compared to the group without adjuvant treatment (HR, 12.1; 95% CI, 1.3-115).
Discussion
The aim of the present study was to determine clinical practice of the application of adjuvant chemotherapy in patients with early-stage EOC. In this cohort of 135 patients, 40% received adjuvant chemotherapy. Adjuvant chemotherapy was more frequently applied in patients with higher FIGO stage, clear-cell histology and a nonoptimal staging procedure. There was no difference in outcome between patients with and without adjuvant chemotherapy, except for patients with grade 3 tumors.
Despite the fact that several publications address the use of adjuvant chemotherapy in early-stage EOC, studies analyzing results obtained in clinical practice are lacking. A previous Dutch study by Vernooij et al. [10] described the use of adjuvant chemotherapy in 71-85% of patients with indications for adjuvant chemotherapy and in 64-77% of all ovarian cancer patients. However, both earlyand advanced-stage ovarian cancer patients were included in this analysis. In 2006, Sijmons et al. [11] published a retrospective cohort study analyzing adherence to guidelines in early-stage EOC patients in the Netherlands. In their study, it was shown that 10% of optimally staged patients and 7% of nonoptimally staged patients received chemotherapy. Yet, only patients with grade 2 and 3 tumors were included, since grade 1 tumors were not considered for any adjuvant therapy. Interestingly, no differences were observed in survival between patients with or without adjuvant treatment regardless of the staging procedure. More recently, Dinkelspiel et al. [12] investigated the use and duration of adjuvant chemotherapy in early-stage ovarian cancer patients in correlation with survival outcomes among low-and high-risk patients. Among low-risk patients (i.e. stage Ia or Ib, grade 1 or 2 and no clear-cell histology), 32.9% received adjuvant chemotherapy versus 71.9% of high-risk patients (i.e. stage Ic, grade 3 or clear-cell histology). The use of adjuvant chemotherapy was associated with high tumor grade and stage, and was less likely to be applied in patients with advanced age and high comorbidity. In the recently updated Cochrane review, the authors concluded that adjuvant platinum-based chemotherapy results in an improved survival in women with early-stage EOC. To date, it remains uncertain whether women with low-and intermediate-risk early-stage disease will benefit as much from adjuvant chemotherapy as women with high-risk disease [8] .
One of the most important factors determining the indication for adjuvant chemotherapy is the completeness of surgical staging [6, 7] . Sixty-eight patients (50%) in our study underwent an optimal staging procedure, which is in line with previously published studies that report optimal staging in 24-60% of patients with early-stage ovarian cancer, while some report much poorer percentages of optimal staging [7, 10, 13, 14] .
With respect to the criteria for the staging procedure, there are differences in the literature. In the study by Vernooij et al. [10] , patients who underwent at least one peri- toneal biopsy and had at least one acquired lymph node were considered as optimally staged, whereas the ICON1 trial recommended hysterectomy, bilateral salpingo-oophorectomy and omentectomy as the minimum procedure [6, 10] . Several previous trials investigated the number and regions of lymph node sampling [15] [16] [17] [18] [19] [20] . These trials showed that sampling of ≥ 10 lymph nodes is necessary to detect occult metastasis and bilateral disease, and to improve the 5-year OS. By contrast, another study reported that adjuvant treatment after minimal surgery (i.e. without routine nodal sampling and peritoneal biopsy) has no effect on survival rates [21] . In our study, prognostic factors for nonoptimal staging were advanced age, high comorbidity and treatment in nonreferral hospitals. Whether these risk factors are reasons for omitting an adequate staging procedure remained unclear, since the majority of these patients received adjuvant chemotherapy. Treatment in referral hospitals and/or the attendance of a gynecologic oncologist at the time of surgery were associated with a high rate of optimal staging. These findings are in accordance with other studies [10, 13, [22] [23] [24] . Recurrent disease was detected in 19% of the patients, which is consistent with the recurrence rates reported in other studies (10-30%) [6, 7, 13, [25] [26] [27] . In the present study, adjuvant chemotherapy was not significantly associated with RFS and OS regardless of the staging procedure. The ACTION and ICON1 trials showed significantly improved survival rates in patients receiving adjuvant chemotherapy. Specifically, the ACTION trial showed improved survival after adjuvant chemotherapy in nonoptimally staged patients. However, in the present study, the baseline characteristics of patients who did, or did not receive, adjuvant chemotherapy differed significantly with respect to FIGO stage, tumor grade and histology, whereas in the ACTION and ICON1 trials, baseline characteristics were similar in both arms. Patients who did not receive adjuvant chemotherapy in our cohort had more favorable tumor characteristics, i.e. stage 1a, grade 1 and clear-cell histology, than patients who received adjuvant chemotherapy. These characteristics were not comparable to the baseline characteristics of the patients in the ACTION and ICON1 trials, which explains why patients in the observation arm in the ACTION and ICON1 trials had a worse prognosis than patients who did not receive adjuvant chemotherapy in our cohort. Theoretically, this could lead to more advantageous effects of adjuvant chemotherapy in the ACTION and ICON1 trials, which cannot be demonstrated in our study, because of its retrospective nature. Sijmons et al. [11] and Dinkelspiel et al. [12] reported no significant benefits of adjuvant chemotherapy with respect to survival rates, which is in accordance with our data [11, 12] .
Although our study did not detect an association between adjuvant treatment and improved survival in the overall population, in patients with grade 3 tumors, adjuvant chemotherapy was associated with improved longterm effects. The 10-year results of the ICON1 study, which were published recently, showed an advantageous long-term effect of adjuvant chemotherapy in high-risk tumors [27] .
The present study had several limitations, and one of the most important ones was its retrospective design. Differences between the outcomes of patients who did and did not receive adjuvant chemotherapy could be associated with the baseline characteristics rather than the chemotherapy treatment. Moreover, the study setting did not consider the upstaged patients. In addition, the accuracy of all staging procedures in GOCS could not be fully assessed. Another limitation of the study was the small effective sample size of the cohort and, in particular, the number of patients with grade 3 tumors.
Nonetheless, the present study provides an overview of the clinical practice in the treatment of early-stage EOC in the Netherlands and demonstrates reasons for deviating from standard care. Although randomized controlled trials provide the most accurate evidence of the effectiveness of a particular treatment, it is still important to consider the clinical setting and applicability. Ideally, every patient with early-stage EOC should be optimally staged; however, in routine clinical practice, a substantial proportion of patients undergo suboptimal surgical treatment. Furthermore, patients with indications for adjuvant chemotherapy are, in practice, often omitted from adjuvant treatment. Lee et al. [14] recently investigated the adherence to guidelines with respect to patient outcomes in early-stage EOC in Korean patients and showed guideline adherence in 26.7% of 266 patients. Treatment in accordance with guidelines led to significantly improved survival outcomes. The fact that 84% of the patients in our study were treated according to Dutch guidelines indicates that the GOCS provides high-quality care for patients with early-stage EOC in the Netherlands, but long-term complications of chemotherapy-induced neuropathy should also be considered and balanced especially for patients with low-and intermediate risk [8, 9, 28] .
In conclusion, 40% of the patients with early-stage EOC received adjuvant chemotherapy. The use of adjuvant chemotherapy was associated with high tumor stage, clear-cell histology and nonoptimal staging. Selective treatment of high-risk patients might explain the comparable outcome of patients with and without chemotherapy and supports a more individualized treatment approach in early-stage EOC.
